Abstract Our aim was to examine associations between leisure time physical activity and risk of non-vertebral fractures in men and women aged C55 years, with focus on the anatomical fracture location. Self-reported physical activity was registered in 3,450 men and 4,072 women aged 55-97 years at baseline in the Tromsø Study, Norway, in 1994-1995. Non-vertebral fractures were registered through December 31, 2009. During 75,546 person-years at risk, 1,693 non-vertebral fractures were identified. Risk of any non-vertebral fracture decreased with increasing physical activity level in men (P trend = 0.006) and non-significantly in women (P trend = 0.15), after adjustment for age, body mass index, height, smoking, and previous fracture. The reduced fracture risk was due to a reduced risk in the weight-bearing skeleton, particular at the hip, whereas risk of fracture in the non-weight-bearing skeleton was not related to physical activity. At weight-bearing sites, an inverse relationship between physical activity and fracture risk was present in both sexes (P trend B 0.013). Compared with sedentary subjects, the most active men and women had respectively 37% (HR = 0.63, 95% CI: 0.45, 0.88) and 23% (HR = 0.77, 95% CI: 0.62, 0.95) reduced fracture risk in the weight-bearing skeleton. Physical activity is associated with reduced fracture risk at weight-bearing sites, with no associations at non-weight-bearing sites, in both sexes. Habitual physical activity is an important amendable approach to prevent hip fracture.
Introduction
Osteoporotic fractures represent a major health concern, particularly among elderly people [1, 2] . In a Norwegian population, the lifetime risk for an osteoporotic fracture at the age of 50 has been estimated to 25% in men and 55% in women [3] , which is higher than most other populations [1, 4, 5] . Fractures lead to substantial disability, morbidity, and reduced quality of life [1, 4, [6] [7] [8] [9] [10] , and according to a recent meta-analysis, the excess mortality the first year after a hip fracture ranges from 8 to 36% [11] . The high burden of fractures represents tremendous medical costs for society [4, 7, 8] . The high fracture incidence and its large impact on the patient, as well as on the health care system, necessitates preventive strategies that are feasible for most people [12] .
Physical activity may postpone the age-related bone loss and increase muscle strength and balance [13, 14] , and thereby reduce the risk of fracture, but existing knowledge is limited by inconsistent results, few studies of fractures other than hip, and poor potential for randomized, controlled trials. The majority of existing studies have examined hip fractures, mostly reporting that physical activity is associated with a lower risk of hip fracture [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] , although in men, some studies report a non-significant lower fracture risk [25] [26] [27] [28] [29] . Fewer studies include forearm fractures [18, [30] [31] [32] [33] [34] [35] . Some of the studies report a higher risk of forearm fracture with higher physical activity [32] [33] [34] , although other studies have found lower [35] or no significant fracture risk [18, 30, 31] with higher physical activity levels. Results from two recent studies including all fracture types indicate that physical activity [36] and walking [37] may actually increase the fracture risk.
The aim of this study was to examine the risk of nonvertebral fracture in relation to physical activity level in a large cohort of middle-aged and aged women and men, with specific focus on the anatomical fracture location.
Materials and methods

Design and subjects
The Tromsø Study is a population-based health study in Northern Norway, focusing on various lifestyle and healthrelated topics [38] . The study design embraces six repeated health surveys, starting in 1974, followed by repeated surveys in 1979-1980, 1986-1987, 1994-1995, 2001-2002, and 2007-2008 . In the fourth survey in 1994-1995, all inhabitants in Tromsø, Norway, aged 25 years and older (n = 37,558) were invited, and 27,158 persons aged 25-97 years attended, which corresponds to 70 and 75% of all invited men and women, respectively. The Tromsø Study was approved by the Norwegian Data Inspectorate and recommended by the Regional Committee of Research Ethics. All participants signed a written informed consent.
In the present analyses, subjects aged 55 years and older (n = 7,582) were included. We excluded subjects with pathological fractures (n = 12) and subjects with missing data on smoking (n = 20), height (n = 27), and weight (n = 1), leaving 7,522 subjects (3,450 men and 4,072 women) in the study cohort.
Assessment of physical activity and covariates
At baseline in 1994-1995, the participants responded to a self-administered questionnaire concerning several health related topics including the following question about physical activity: ''How has your physical activity in leisure time been during this last year? Think of your weekly average for the year. Time spent going to work counts as leisure time.''
The answer options were hours per week doing:
Light activity ðnot sweating or out of breath): None; Less than 1; 1À2; 3 or more
Hard activity ðsweating/out of breathÞ:
None; Less than 1; 1À2; 3 or more
The participants were categorized into groups according to physical activity level. In order to create one physical activity measure for each person, we combined information from the two questions (light and hard physical activity) into one new physical activity index with four categories, as presented in Fig. 1 . The sedentary category includes participants who did not perform physical activity at all and constitutes the reference category. The low activity category includes participants who performed physical activity less than 3 h per week, and the moderate activity category includes those who performed either light or hard intensity at least 3 h per week. Finally, the high activity category includes those who stated that they had both light and hard activity at least 3 h per week, i.e., a total of 6 h or more activity per week.
At the physical examination, height and weight were measured to the nearest centimeter and half-kilogram, respectively, with subjects wearing light clothing and no shoes. Body mass index (BMI) was calculated as weight per squared height (kg/m 2 ). At the screening, all participants completed a self-administered questionnaire including questions about current smoking habits (yes/no), estrogen use (yes/no, women only), calcium and vitamin D supplements (number of months last year), and self-reported previous fracture of hip and forearm (yes/no). Bone mineral density (BMD, g/cm 2 ) was measured at the distal forearm (radius and ulna from the 8-mm point and 24 mm proximally) using two SXA devices (DTX-100; Osteometer MediTech, Hawthorne, CA, USA). Participants were allocated to the two densitometers dependent on accessibility. All scans were reviewed and reanalyzed according to a rigorous quality-control protocol [39] .
Fracture registration
The radiological archives of the University Hospital of North Norway in Tromsø comprise all non-vertebral fractures occurring in the municipality and thus in the study population, as there is no other radiology service in the city or within 250 km. The only exception would be fractures occurring while travelling with no control radiological examination after returning home or fractures never radiologically examined. Registered fractures were linked to the subjects in the Tromsø Study by use of the national personal identification number. All radiological examinations of participants in the fourth survey that were coded abnormal (any pathology) were reviewed to ascertain the fracture code and to capture fractures that had not been coded correctly as fractures. In subjects with fractures, the exact anatomical location of the fracture was identified, and consecutive fracture events were distinguished from one another. Furthermore, the trauma mechanism was categorized into high-energetic (fall from a height or traffic accident), low energetic (fall from same level, non-traffic accident), or pathologic (tumor or metastasis). A similar registration of fractures has been performed and validated in participants in the second and third Tromsø Study surveys [40] .
Follow-up time was assigned from the date of the screening to the date of the first fracture, migration from Tromsø (n = 470), death (n = 2,977), or end of follow-up (December 31, 2009), whichever came first. The date of the first incident fracture was used for the analyses of nonvertebral fractures and weight-bearing versus non-weightbearing fracture (disregarding subsequent fractures). In the analyses of hip and forearm fractures, the date of the first hip or forearm fracture, respectively, was used, disregarding other previous fractures.
Statistical analyses
Sex-specific Cox proportional hazards models were used to estimate age-adjusted and multiple adjusted hazard ratio (HR) for non-vertebral fractures in relation to physical activity level. Multiple adjustments were made for age, smoking, BMI, height, and previous fracture. In a sub-cohort of 1,796 men and 1,337 women with BMD measurements and information about estrogen use, calcium, and vitamin D, adjusted fracture risk in relation to physical activity was analyzed before and after additional adjustments for distal forearm BMD, use of estrogen (women), and calcium and vitamin D supplements. To increase statistical power, the moderate and high physical activity categories were combined when estimating HRs reported in the tables. P values for trend was, however, estimated by assigning values of 1 (Sedentary), 2 (Low), 3 (Moderate), and 4 (High) to the physical activity variable and modeling it as a continuous variable in the regression models.
An adjusted stratified Cox proportional hazards regression model was used to plot survival curves in strata of physical activity level, with the proportional hazards assumption being assessed by visual judgment of logminus-log survival plots.
We estimated risk of non-vertebral fracture in five categories. All categories excluded fractures of carpus, metacarpus, finger, face, tarsus, metatarsus, and toe (n = 180), which were counted as no fracture in the analyses. Fracture categories include (1) the first non-vertebral fracture, which were divided into (2) weight-bearing fracture (femur (neck, trochanter, distal, and shaft), fibula and tibia (distal, proximal, and shaft), knee, patella, and pelvis), and (3) non-weight-bearing fracture (ulna (distal, proximal, and shaft), radius (distal, proximal, and shaft), humerus (distal, proximal, and shaft), ribs, scapula, sternum, elbow, and clavicula). Furthermore, we performed sub-analyses of (4) the first hip fracture and (5) the first distal forearm fracture. In these sub-analyses, subjects with other fractures (not event) were included as persons under risk. High-energetic fractures were included in the main analyses, though a separate analysis exclusive high-energetic fractures were performed to examine the impact of trauma fractures.
Two-sided P values \0.05 were considered statistically significant. All analyses were performed using SPSS (Statistical Package for Social Sciences, Chicago, IL, USA), version 16. Results Among 3,450 men and 4,072 women with a mean baseline age of 66.7 years (SD 8.2, range 55-97 years), 16 .8% (n = 1,262) of the subjects were sedentary, 37.7% (n = 2,836) had low activity, 41.6% (n = 3,131) were moderately active, and finally 3.9% (n = 293) were highly active (Fig. 1) . Baseline age, weight, height, BMI, and distal forearm BMD differed between physical activity groups. In men, frequency of current smokers differed significantly between physical activity groups, and in women, estrogen use differed significantly, whereas use of vitamin D and calcium supplements did not differ (Table 1) . Men and women were followed for 35,474 and 40,072 person-years, respectively. During a follow-up period of median 11.6 years (interquartile range 9.4 years), 414 (12.0%) men and 1,279 (31.4%) women sustained at least one incident non-vertebral fracture. Unadjusted incidence of overall fracture and fractures in the hip and weightbearing skeleton decreased with increasing physical activity level ( Table 2 ). The incidences of all non-vertebral fractures ranged from 16.4 fractures per 1,000 person-years in the sedentary to 10.6 in the moderately/highly active men, and from 40.2 to 29.8 fractures per 1,000 personyears in women.
The risk of any non-vertebral fracture decreased significantly with increasing physical activity level in men (P trend = 0.006) but not in women (P trend = 0.15) when adjusted for age, BMI, height, smoking, and previous fracture ( Table 2) . Being moderately/highly active lowered the fracture risk by 29% in men (HR = 0.71, 95% CI: 0.53, 0.95) and non-significantly 10% in women (HR = 0.90, 95% CI: 0.77, 1.05) compared with being sedentary. Adjusted cumulative probability of first non-vertebral fracture according to physical activity level during followup is displayed in Fig. 2 .
In the weight-bearing skeleton, an inverse relationship between physical activity and fracture risk was present in both men (P trend = 0.003) and women (P trend = 0.013) after multiple adjustments ( Table 2 ). The moderately/ highly active men and women had, respectively, a 37% (HR = 0.63, 95% CI: 0.45, 0.88) and 23% (HR = 0.77, 95% CI: 0.62, 0.95) reduced risk for fractures in the weight-bearing skeleton compared with sedentary participants.
The risk of fracture in the non-weight-bearing skeleton was not related to physical activity level (P trend C 0.55 in both sexes) ( Table 2) .
The multiple adjusted risk of hip fracture decreased with increasing physical activity level both in men (P trend = 0.005) and women (P trend = 0.016) ( Table 2) . Compared with the sedentary, the most active men had a 40% reduced risk of hip fracture (HR = 0.60, 95% CI: 0.41, 0.90) and the women had a 26% reduced risk of hip fracture (HR = 0.74, 95% CI: 0.58, 0.94).
The adjusted risk of fracture in the distal forearm was not associated with physical activity level (P trend C 0.20) (Table 2) .
In a sub-cohort of 1,796 men and 1,337 women, fracture risk adjusted for age, BMI, height, smoking, and previous fracture were similar to the fracture risks after additional adjustment for distal forearm BMD, use of estrogen (women), calcium and vitamin D supplements (P trend C 0.08 before as well as after additional adjustment in the weight-bearing and non-weight-bearing skeleton). Compared with sedentary men, risk of weight-bearing fracture in the moderately/highly active men was 0.58 (95% CI 0.34, 0.99) before additional adjustment and 0.62 (95% CI 0.36, 1.06) after additional adjustment. In women, the corresponding risk before additional adjustment was 0.96 (95% CI 0.59, 1.57) and after 0.95 (95% CI 0.58, 1.56) (results not shown in the tables).
Finally, exclusion of 173 subjects (2.3%) with highenergy fracture gave results similar as the main analyses.
Discussion
The main finding in this population-based study was an inverse association between physical activity and risk of fracture in the weight-bearing skeleton. Being moderately physically active significantly reduced the fracture risk at weight-bearing sites by 37% in men and 23% in women compared with being sedentary. In contrast, at non-weightbearing sites, fracture risk was not associated with physical activity. These findings were also present at the hip and forearm, which are among the most common osteoporotic fracture sites.
The inverse relationship between physical activity level and risk of fracture in the weight-bearing skeleton and the hip is not surprising, as habitual physical activity presumably involves activities that mainly stimulate the weight-bearing skeleton. Physical activity may reduce the incidence of fractures by the mechanisms of mechanical loading [41, 42] and by reducing the risk of falling [12, 14] . A prevailing theory involving skeletal mechanisms is that bone tissue responds to local mechanical stimuli with deformation, which is then transformed into biologically active signals in the process known as mechanotransduction [43, 44] , resulting in bone mass gain or preservation at sites of mechanical stress [45] . In accordance with this theory, we have previously reported that performing physical activity in adulthood is positively associated with bone mineral density in hip and forearm 22 years later [46] . Our findings that risk of fracture in the non-weight-bearing Table 1 Characteristics of the study population by physical activity level at baseline (9) 2.2% (17) 2.0% (22) 1.3% (2) 0.368 17.9% (67) 16.4% (151) 14.7% (140) 17.5% (10) skeleton showed no association with physical activity might reflect that the type of activity reported was mainly weight-bearing, but type of activity was unfortunately not specified in our questionnaire. Some previous studies have reported that physical activity protects against osteoporotic fractures in elderly men and postmenopausal women [47, 48] . This was confirmed in our analyses of any non-vertebral and weightbearing fractures, except for any non-vertebral fracture in women. In contrast, a large cohort study by Appleby et al. [36] reported an increased risk of fracture with higher levels of bicycling and sports and exercise, probably due to injury causing trauma fractures in younger adults. Likewise, a recent study by Nikander et al. [37] found an increased risk of low-trauma fracture associated with frequent walking in men and women C50 years of age, and no association between moderate-vigorous activity and fracture risk. Although different instruments used for assessment of physical activity could be one explanation for contradictory results, these results indicate that physical activity also represents an increased risk of fracture due to an increased risk of falling and tripping in elderly people.
The reduced risk of hip fracture with increasing physical activity in the present study is consistent with most previous studies [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] 29] . Concerning forearm fractures, some of the previous studies have reported a significantly higher fracture risk in physically active subjects [32, 33] . In contrast, our study showed non-significant and fluctuating results at the forearm, confirming other studies reporting that forearm fracture risk is not significantly associated with physical activity [18, 30, 31] . Possible explanations for different results may include different methods used to assess physical activity, inclusion of different confounding variables, and varying age ranges.
Access to a large cohort with a large number of fractures enabled us to extend existing knowledge by assessing various fracture locations, such as the lower (weightbearing) and upper (non-weight-bearing) skeleton, in relation to physical activity. In a previous Tromsø Study cohort, Joakimsen et al. [49] showed that high physical activity was associated with a lower risk of fracture in the lower (weight-bearing) extremities. Similar results found in the present study indicate that these results are still valid for the Tromsø population.
The present study has some limitations. First, non-randomized designs are prone to bias, and even with a high participation rate ([70%), individuals with poor health were presumably underrepresented, introducing the possibility of selection bias.
Second, assessment of physical activity was based on questionnaire, which is likely to produce misclassification, resulting in information bias. As this study is prospective, there is however little reason to believe that the misclassification of physical activity is differential. The original physical activity questions have been used in several large population studies [50] [51] [52] , but have not been extensively validated [53] . However, simple questionnaires are generally accepted as an adequate instrument for ranking of activity in health studies [54] . Furthermore, misclassification commonly reduces the real magnitude of the physical activity benefits [55] . Interestingly, even with crude assessment of physical activity, epidemiological studies show that the effects of physical activity are generally strong enough to demonstrate benefits [56] , as was the case in this study. Furthermore, by comparing the characteristics of the physical activity groups, we found the expected inverse dose-response relationships between physical activity and associated characteristics, such as BMI and smoking.
Third, some subjects most likely changed their physical activity level during follow-up, but we did not have adequate data to assess changes in physical activity.
Finally, we cannot exclude the possibility of residual confounding by measured as well as unmeasured variables, which hampers the ability to establish a causal relationship. The main analyses showed that age was the most important confounder, and the results were only slightly strengthened with the addition of available confounders to the model (smoking, BMI, height, and previous fracture). For some possible confounders, the data were incomplete, but in a subcohort, we were able to perform analyses with additional adjustments for distal forearm BMD and use of estrogen (women), calcium and vitamin D supplements. In the subcohort, adjusted analyses generally showed similar risk estimates as analyses with additional adjustments, indicating that the confounders did not add much to the model. Because randomized, controlled trials designed to assess long-term effects of physical activity on fracture risk would be immensely costly, long lasting, and impractical, we must rely on observational designs, which has some advantages as well. Cohort studies often resemble a real life situation and may be large and population-based with a long follow-up time. Our study had the advantage of a large cohort including both women and men with a high number of fractures. We also had access to a register comprising all non-vertebral fractures in the region assessed by X-ray. Additional studies that include vertebral fractures and more detailed assessments of physical activity, including type of activity, are needed to further elaborate the association between physical activity and fracture risk.
We conclude that in middle-aged and aged women and men, physical activity is associated with reduced fracture risk at weight-bearing sites, but not at non-weight-bearing sites, indicating that the influence of physical activity on fracture risk may be site-specific. Habitual physical activity seems to be an important amendable approach to prevent hip fracture, which is the most detrimental fracture.
